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oriented research centre providing steel and metal-based products, services and solutions, to 
metal processing companies worldwide.  
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Concrete and detailed description of tasks, work done and departments of the 
entity to which it has been assigned. 
The aim of this study is to find the most suitable pre-treatments for later Cr deposition on 
different types of material. These materials are: 4 different types of steel (with different alloying 
components); one of these steels coated with Ni; a pure Cu and Cu coated sleeve (used for 
printing purposes.  
Cr coating is currently done using Cr
6+
 (coming from chromic acid), which is toxic, 
carcinogenic and mutagenic so, due to the REACH legislation, it has to be replaced before 
September 2017 by other alternative processes, which are less dangerous for the users’ health. 
OCAS is investigating a non-toxic ionic liquid (IL) containing Cr
3+
 which could be a good 
substitute for the Cr coating process using Cr
6+
.  
In order to achieve a good adhesion of the Cr layer on each material surface, the next 
steps were carried out: 
1. Surface cleaning step: an ultrasound cleaning step followed by an alkaline degreasing 
step were first carried out, in order to remove all possible grease and/or corrosion 
protective oils present on the surface of the different substrates. 
2. Surface activation step: for the activation of each substrate, different types of dipping 
and etching were used. Among them, acidic or alkaline dipping; anodic or cathodic 
electrochemical etching in different acids, alkaline products or in the proper IL used 
for later deposition.  
3. Cr deposition on the different substrates, using the IL (see Figure 1). 
         
Figure 1. DC06 samples coated with Cr. 
Once the samples are coated with Cr, they are inspected by optical microscopy and/or 
SEM to check if the adhesion of the Cr layers is acceptable (see Figure 2).  
 
Figure 2. Optical microscope images showing the different parts of the coated substrate and 
a A) Bad adhesion example. B) Good/Acceptable adhesion example. 
In order to check the composition of the layers and the different substrates, EDX and GD-
OES analysis were performed (see Figure 3), giving the information needed to choose the most 
suitable pre-treatment for each case or for further research. 
 
Figure 3. SEM and EDX results for a DC06 sample. 
When the etching and the deposition steps were carried out in the IL from OCAS, the 
experiments were intended to be performed at the following conditions (see Figure 4): 
 Constant etching current density and time: 16 A/dm2 and 30”. 
 IL volume in the cell (1l), stirring flow (600 rpm), IL temperature (40°C). 
 Constant electrodes distance (2.5 cm). 
 Using a DSA (Dimensionally Stable Anode): Ti anode coated with mixed Ir oxides.  
     
Figure 4. Sample etching and deposition set up in the 1l cell for laboratory scale 
experiments. 
Also for the best results, experiments were performed in the pilot line in bigger samples (see 
Figure 5), to check if they can also be implemented for industrial scale purposes. In this pilot line, 
the external conditions are better controlled (for example the flow and the temperature), so it is a 
good way to determine whether the sample is prepared in fixed conditions, and which conditions are 
affecting the etching/deposition. The total IL volume running in this pilot line is approximately 
800l, at a flow around 10.6 l/min. 
     
Figure 5. Pilot line: Semi-Industrial Scale set up. 
Identification of the learning contributions after the practical period.  
 All the pre-treatment processes (cleaning and activation steps) carried out before the Cr 
coating of the substrates are really important to achieve an acceptable adhesion. 
 Depending on the substrate composition, different pre-treatments need to be tested, taking 
into account not only the original elemental composition but also the state, the age, the 
cleanliness and/or the final process of the substrate (some substrates need to be previously 
covered by waxes to protect them from outside conditions, these waxes can hint the later 
Cr deposition). 
 The activation of the sample surface can be achieved by different processes: acidic or 
alkaline dipping, anodic or cathodic etching… Depending on the material complexity we 
are testing, we need to consider whether is better to use a stronger or a softer method to 
activate a determined substrate.  
 It was found that by doing the etching step in the IL at constant voltage, we achieved an 
electropolishing effect on the steel (see Figure 6). This process has the advantage of 
obtaining a smoother surface, achieving a better and more uniform Cr coating. 
 
Figure 6. Electropolishing process. 
 
 
 
 As expected, it has been confirmed that the longer the deposition time, the thicker the 
coating is (see Figure 7).  
   
Figure 7. Linear relationship between the thickness obtained by changing the deposition time. 
 Acceptable Cr coatings were obtained when FeCl3 was used as the activation step of the 2 
copper substrates tested. For the copper printing sleeve, acidic dip was also a good option 
to activate the copper surface for the later Cr layer adhesion.  
 For the Ni plated sleeves, acidic dip was found to be an acceptable etching method, but 
further research is also needed to achieve a better coating. 
 For the high alloy steels (i.e. having more Cr, Si, Mo, etc.), further research is needed, 
mostly for the construction and aerospace steel grades, as all the pre-treatments obtained 
were not acceptable enough to achieve a suitable coating yet. The reason why the pre-
treatments tested weren’t working could be because these steels have several other 
alloying elements, so they need more specific pre-treatments. Another factor to take into 
account is the IL, as it could be that is not the suitable deposition solution for this types of 
steel, and other ILs and/or aqueous solutions containing Cr
3+
, and/or other deposition 
methods need to be tested. 
 In terms of analysis, the inspection of the coatings is done simpler and faster on the 
optical microscope but, when higher magnification and/or resolution is needed, SEM is 
the best choice, especially when the obtained layers are too thin. 
Deposition time (min) Thickness (µm)
10 2
30 6
60 11
 To check the composition of the layer, GD-OES is the faster method to check the surface 
elemental composition and with the EDX method we can follow how the layer changes in 
the SEM image, but it is a slower and harder method to work with. None of the methods 
provide a trustable comparison in terms of quantification, but they are good methods for 
qualitative measurements. 
 This work was carried out to test the Cr coating adhesion on different metals but 
depending on the substrate tested, more analysis need to be done to check the wear and/or 
corrosion resistance, the hardness,… as each material it is needed for a particular purpose, 
and for each purpose, different goals need to be achieved. 
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